Plants are exposed to solar ultraviolet radiation due to use of sunlight for photosynthesis. Additionally, salinity in soil or water influences the plant productivity and quality considerably. Moreover, when plants are simultaneously exposed to multiple stresses, one form of stress can affect the response to other stress. Particularly, it has been shown that they can benefit from dual tolerance as salinity and UV-B radiation are applied together. In order to understand the effects of UV-B radiation and salinity stress on some physiological and biochemical parameters, one-year-old cuttings of rosemary plants were grown under different levels of ultraviolet B radiation (0, 4.32 and 6.05 kJ m -2 d -1 ) and salinity stress (control, 50, 100 and 150 mM NaCl). The results showed that 4.32 kJ m -2 d -1 UV-B treatment significantly increased plant biomass up to 17.9% as compared to control. However, by increasing salinity to 150 mM, plant biomass significantly decreased up to 18.1%, as compared to control. Regardless of UV-B treatments, plants, grown under 100 mM salinity stress, had produced 2.8 times higher total phenolic compounds (TPC) and also have greater antioxidant activity (33.1%) in comparison to control. Both treatments, enhanced UV-B radiation and salinity stress, significantly increased the concentration of proline, hydrogen peroxide (H 2 O 2 ) and malondealdehyde (MDA). In relation of total soluble sugar (TSS) and ion content, both treatments acted in an opposing manner. In turn, the enhanced UV-B radiation decreased concentration of TSS and the Na + content in leaves, salinity stress increased the concentration of TSS, as well as the Na + content in leaves and root. The plants grown under 150 mM salinity level accumulated 5.32 and 2.83 times higher Na + ions in leaves and roots, respectively, than control. In addition, salinity significantly decreased the relative water content (RWC), photosynthetic pigments and K + content in leaves and roots. The interaction between UV-B irradiation and salinity showed that the UV-B radiation improved the K + content in leaves, RWC and membrane stability and consequently resulted in a better tolerance of rosemary to salinity.
INTRODUCTION
Plants often undergo a wide range of environmental stresses such as unfavorable temperatures, nutrient stress, water shortage, salinity, high ultraviolet radiation, etc., in their life cycle, which reduce the plant production (Hasanuzzaman et al., 2013) . They are exposed to different levels of solar UV-B irradiation due to use of sunlight for photosynthesis, it's the level of which increased during the last decades due to ozone depletion, reduction of cloudiness and other factors (McKenzie et al., 2011) . Compared to the high levels of ultraviolet B radiation which are exclusively stressor factor, recently clarified that its low levels acted as an important regulator of plant secondary metabolites (Schreiner et al., 2012) . In particular, it is well-known that biosynthesis and accumulation of phenolic compounds, which are mainly found in leaf epidermal cells, constitute a general mechanism of increasing the UV-B radiation (Reboredo and Lidon, 2012; Bernal et al., 2013) .
Salinity in growth medium is one of the most important limitation factors for the plant growth. At high concentrations, it leads to water deficit, toxicity of salt ions, nutrient imbalances, membrane damage, change in enzyme activation, etc., and ultimately to death (Mahajan and Tuteja, 2005; pessarakli, 2010) .
The previous studies reported that high level of UV-B radiation ( It has been argued that H 2 O 2 at low concentration is one of the main and the most stable reactive oxygen species that regulates basic acclimatization, defense and developmental processes in plants as a messenger molecule in several processes. Pre-exposure of plants to UV-B radiation, which induces the generation of H 2 O 2 , can have a protective function and "immunize" them to other stresses (Kovtun et al., 2000) . The expression of some genes such as the antioxidant genes, defense proteins and proteins involved in signaling like calmodulin, protein kinases, phosphatases, and transcription factors is dependent on H 2 O 2 (Neill et al., 2002; Tanou et al., 2009 ). Nevertheless, at high concentrations, hydrogen peroxide, like other ROS, leads to an oxidative stress (pessarakli, 2010).
Rosemary (Rosmarinus officinalis L.) is an evergreen, perennial, shrubby plant which has been widely cultivated since the ancient times as a medicinal herb and landscape plant (Tounekti et Most regions of Iran are classified as arid and semi-arid due to limited rainfall; high amount of evaporation as well as high temperature and salinity are the most severe restriction to plant production in these regions. On the other hand, the plant response is different to environmental stresses and their adaptation ability is dependent to type, intensity, duration of the stress and other environmental factors (Hamidi Moghaddam et al., 2019). Therefore, further research is needed to understand the interaction between UV-B radiation and salinity and their effects on the plant physiological and biochemical parameters. The purpose of this study was to evaluate the effect of different levels of ultraviolet B radiation on growth, physiological and biochemical changes of rosemary plant and whether these treatments would improve its tolerance to salinity stress.
MATERIALS AND METHODS
In order to evaluate the effects of the UV-B radiation and salinity stress on some physiological and biochemical responses of the rosemary plant, an experiment was conducted in a split-plot arrangement in Randomized Complete Design (RCD) with four replications in a greenhouse. The experimental treatments involved UV-B irradiation at three levels (0, 4.32 and 6.05 kJ m
) assigned to main plots, salinity stress in four levels (control, 50, 100 and 150 mM NaCl) as a subplot. The UV-B radiation was provided by UV fluorescent lamps (TL 40 W/12 RS, with a peak at 313 nm; Phillips, Germany). The lamps were wrapped with 0.127 mm cellulose diacetate foil (CA), which filters radiation below 280 nm (UV-C radiation). In order to avoid photo-degradation of CA by the UV radiation, they were replaced weekly. The spectral irradiance from the lamps was determined with a UV spectro-radiometer (MSS2040, MSSElectronic-Gmbh, Germany). In order to prevent the UV radiation contamination among plots, they were separated by polyester. Salinity treatments started eight weeks after applying the UV-B treatments and sampling took place six weeks later.
At the end of the experiment, roots and shoots were immediately separated and washed. After they were dried naturally under suitable dry and dark conditions, their weight was determined. The relative water content was measured with the method proposed by Ritchie et al. (1990) . The concentrations of K + and Na + in rosemary leaves and roots were analyzed by means of the method of Kalra (1998) using a Flame photometer (JEN-WAY PFP7, UK) and expressed as mg g -1 DW. The quantities of photosynthetic pigments were determined with the method proposed by Lichtenthaler (1987) using a spectrophotometer (Cecil, CE 2502, UK). Measurement of total soluble sugar (TSS) were determined with the anthrone reagent method as described by Wardlaw and Willenbrink (1994) and expressed as mg of glucose equivalents per g -1 FW through a standard calibration curve of glucose. The concentration of proline in rosemary leaves was measured by means of the method of Bates et al. (1973) and its amount was expressed as μmol g -1 FW through a standard calibration curve of proline. The Malondealdehyde (MDA) Concentration was determined based on the method described by Heat and Packer (1968) . The measurement of hydrogen peroxide (H 2 O 2 ) was done through the method described by Alexieva et al. (2001) and expressed as µM -1 g -1 FW through a standard calibration curve of hydrogen peroxide. The concentration of total phenolic compounds (TPC) were measured with the Folin-Cicoalteu colorimetric method as described by Singleton et al. (1999) and the amount of them was expressed as mg of gallic acid equivalents (GAE) per gram of fresh weight through a standard calibration curve of gallic acid. The antioxidant activity of the rosemary extracts was estimated on the basis of the scavenging activity of the stable 1, 1-diphenyl 2-picrylhyorazyl (DPPH) free radical according to the method explained by Hanato et al. (1988) and expressed as IC 50 (μg ml -1 ).
RESULTS AND DISCUSSION

Shoot biomass
The shoot biomass was significantly affected by both treatments (P< 0.01). The UV-B radiation and salinity stress acted in an opposing manner, the plants grown under 4.32 and 6.05 kJ m
UV-B radiation had 17.88% and 10.69% greater biomass than the seedlings grown under zero (Fig.  1) . In contrast, the salinity treatments decreased the shoot biomass. The interaction between the UV-B radiation and salinity stress was shown that (P≤ 0.01), in the plant grown under zero level UV-B radiation, the shoot biomass gradually decreased with an increasing level of salinity (Fig.  1) . The lowest shoot biomass (33.68 g) was observed in the plants treated with 150 mM NaCl in comparison to control (41.11 g). On the other hand, the UV-B treatments significantly increased the shoot biomass at 50 and 100 mM NaCl than the seedlings grown under zero. Several studies on the effects of UV-B radiation on plant biomass have been carried out but the results were contradictory; some reported that 
Relative water contents
Relative water contents (RWC) were significantly (P ≤ 0.01) affected by the UV-B radiation and salinity stress. The interaction between the UV-B radiation and salinity stress showed that (P ≤ 0.05) in the plants grown under zero level of the UV-B radiation, the RWC were negatively impacted by the increase of salinity, as, the highest foliar RWC was observed in control and 50 mM salinity levels ( Fig. 2) . On the other hand, the plants grown in plot with 4.32 kJ m -2 d -1 UV-B radiation had relatively higher leaf RWC at 100 mM salinity compared to those grown under zero level of UV-B radiation (Fig. 2) .
Leaf relative water content (RWC) is an index that directly reflects the water status of plant under stress condition and shows the ability of plants in maintaining water under stress conditions. Moreover, it is mainly dependent on the water status of the rhizosphere (Saied et al., 2005 and Saeed et al., 2014) . It has been reported that the salinity stress decreased the water absorption capacity of root systems and water loss from leaves accelerated. Moreover, high salinity resulted in high osmotic pressure, which restricted the water uptake of plant cells, so the decreased moisture content may be due to defect metabolism in plant cells (Gupta and 
K
+ and Na + content
The concentration of K + and Na + in rosemary leaves and roots were significantly affected by the UV-B radiation and salinity stress. With increasing UV-B radiation, an increase (P≤ 0.01) in the concentration of K + in leaves and a reduction (P≤ 0.05) in its concentration in roots was observed. In contrast, the concentration of Na + in leaves and roots, decreased (P≤ 0.01) and increased (P≤ 0.05) respectively, with increasing UV-B radiation (Table  1) . On the other hand, an increase in the concentration of NaCl in the nutrient solution led to a progressive accumulation of Na + ions in both leaves and roots (P≤ 0.01). In contrast, 150 mM NaCl salinity stress decreased (P≤ 0.01) the concentration of K + in leaves (26.43%) and roots (53.66%) in comparison to control. This decrease was more pronounced in roots than leaves (Table 1) .
Fig. 2. Interaction between UV-B Radiation and
salinity on relative water content (RWC). Values are mean ± standard error (n=4). Different letters indicate statistical differences between treatments using Tukey's HSD (P≤ 0.05) Values are mean ± standard error (n=16 for UV-B and 12 for salinity). Different letters in each column, for each factor indicate statistical differences between treatments using HSD (P≤ 0.05).
In relation to the K + : Na + ratio in leaves and roots, the UV-B radiation (P≤ 0.01) significantly increased this ratio in leaves and decreased it in roots (Table 1) . However, this ratio decreased in both leaves and roots (P≤ 0.01) with increasing salinity levels ( Table 1) .
It has been reported that the plant responses to enhanced UV-B radiation are complex, and may be the results of changes in various nutrient metabolic processes (Yue et al., 1998) . Moreover, it might be associated with a "concentration" effect (Correia et al., 2012) . On the other hand, salinity can rapidly decrease the capacity of roots to absorb essential nutrients from the soil. High levels of Na + in the soil can influence the root membrane integrity (Tounekti et al., 2008 ) and lead to a decrease in the K + concentration in plant tissues (Tuna et al., 2007) . Additionally, the competition between Na + and K + for entry into plant root cells, could lead to a decrease in K + : Na + ratios and negatively impact the plant growth and development (Tuna et al., 2007) . It seems that the UV-B radiation can maintain the membrane integrity and controls selectivity of ion uptake and transport via increasing the antioxidative activity under salinity condition.
Photosynthetic pigments
Although the contents of chlorophyll a, and total chlorophyll had not been affected by the enhanced UV-B radiation; however, the content of chlorophyll b (P≤ 0.05) and carotenoids (P≤ 0.01) decreased at both levels of enhanced UV-B radiation compared with zero (Fig. 3) . On the other hand, the concentration of all photosynthetic pigments decreased (P≤ 0.01) by increasing of salinity stress levels (Fig. 4) . The highest concentrations of a, b, Total Chlorophyll and Carotenoids was observed in the plants grown under control and 50 mM salinity stress.
Reduction in the chlorophyll contents under high ultraviolet radiation may be due to the inhibition of its biosynthesis or degradation of these pigments and their precursors (Agrawal and Rathore, 2007) . It has been reported that the reduction in the amount of chlorophyll could result from the effect of UV-B on expression of the genes encoding for chlorophyll binding proteins (Mishra et al., 2008) .
It is well-known that the salinity stress enhances the production of ROS (pessarakli, 2010). Accumulation of these free oxygen radicals in plant cells leads to peroxidation of unsaturated fatty acids of thylakoid membranes and consequently chlorophyll degradation enhanced (Miller et al., 2010). In addition, it could be related to the activity of chlorophyllase enzyme (Reddy and Vora, 1986). Kiarostami 
Total soluble sugars
In relation to total soluble sugars (TSS), both treatments UV-B radiation (P≤ 0.01) and NaCl salinity (P≤ 0.01) acted in an opposing manner (Fig. 5) . The interaction between the UV-B radiation and salinity stress was shown that (P≤ 0.05) in a plant grown under zero level UV-B radiation, the concentration of TSS gradually increased along with the level of salinity (Fig. 5) . The highest concentration of TSS (20.35 mg g -1 FW) was observed in the plants treated with 100 mM 
Fig. 4. Effects of salinity on photosynthetic pigments. Values are mean ± standard error (n=12).
Different letters indicate statistical differences between treatments using Tukey's HSD (P≤ 0.05) NaCl in comparison to control plants (13.90 mg g -1 FW). With further increases in salinity levels, the concentrations of TSS significantly decreased compared to 100 mM salinity. On the other hand, the concentrations of TSS decreased in the leaves of rosemary plants which grew in the plots with 4.32 and 6.05 kJ m -2 d -1 UV-B radiation at control level of salinity (Fig. 5) .
It is well-known that salinity, drought, low temperature and flooding increased the concentration of soluble sugars, whereas the UV-B radiation, heavy metals, nutrient shortage and ozone 
Proline content
The proline content in the leaves of rosemary plant significantly increased under both enhanced UV-B radiation (P≤ 0.05) and NaCl salinity (P≤ 0.01) treatments (Fig. 6) . The interaction between the UV-B radiation and salinity stress was shown that (P≤ 0.01), in the plant grown under zero level UV-B radiation, the concentration of proline gradually increased along with the level of salinity (Fig. 6) .The plants grown under 150 mM salinity level produced 9.6 times higher proline concentration than those grown under control. On the other hand, the enhanced UV-B levels (4.32 and 6.05 kJ m
) significantly increased the proline concentration at control and 50 mM salinity levels than zero level UV-B (Fig. 6) .
Proline accumulation in a plant during UV-B exposure might be one of the modes to counteract the UV radiation promoted free radical generation and it might have the capacity to scavenge or to reduce the production of free radicals (Saradhi et al., 1995) 
Hydrogen Peroxide
Both the UV-B radiation (P≤ 0.05) and salinity (P≤ 0.01) treatments induced a significant increase in the hydrogen peroxide (H 2 O 2 ) concentration (Fig. 7) . The interaction between the UV-B radiation and salinity stress showed that (P≤ 0.01) in the seedlings grown under zero level UV-B radiation, the concentration of H 2 O 2 gradually increased along with the level of salinity (Fig. 7) . The highest concentration of H 2 O 2 (12.7 μM -1 /g FW) was observed in the plants treated with 150 mM NaCl in comparison to control plants (6.17 μM Although the mechanisms for producing reactive oxygen species by ultraviolet B radiation and salinity stress are not well understood, it has been reported that the ultraviolet B radiation (Rao et al., 1996) and salinity stress (Tanou et al., 2009) increase the production of reactive oxygen species by increasing the activity of membrane-localized NADPH-oxidase.
Malondealdehyde (MDA)
Both the UV-B radiation (P≤ 0.05) and salinity stress treatments (P≤ 0.01) increased the concentration of MAD in leaves (Fig. 8) . The interaction between UV-B radiation and salinity stress showed that (P≤ 0.01) in the seedlings grown under zero level UV-B radiation, the concentration of MDA gradually increased along with the level of salinity (Fig. 8) , The highest degree of lipid peroxidation was observed in the rosemary plants treated with 150 mM NaCl (12.06 nmol/g FW) in comparison to control plants (6.94 nmol/g FW). On the other hand, the enhanced UV-B radiation 4.32 and 6.05 kJ m -2 d -1 significantly increased the MDA concentration at control level of salinity and decreased it at 150 mM salinity compared to the plants growing under zero level UV-B (Fig. 8) .
Lipid peroxidation is a normal metabolic process associated with the developmental processes of plants and increase in its levels by environmental stresses parallel with the increase in ROS production (pessarakli, 2010). In the present study, the MDA levels in rosemary leaves significantly increased under the enhanced UV-B radiation and high levels of salinity, indicating increased lipid peroxidation of cell membrane and could reflect the increase in the damage caused by these Different letters indicate statistical differences between treatments using Tukey's HSD (P≤ 0.05) 
Total phenolic compounds (TPC)
The concentration of TPC in leaves of rosemary was significantly affected by both treatments involving UV-B radiation and salinity stress (P≤ 0.01). The interaction between the UV-B radiation and salinity stress showed that (P≤ 0.01) in the plants grown under zero level UV-B radiation (Fig.9) , total phenolic contents gradually increased along with the rates of salinity up to 100 mM (40.85 mg GAE/g FW) compared to control (14.46 mg GAE/g FW). With further increases in salinity levels, phenolic contents significantly decreased compared to 100 mM salinity. However, it was significantly higher compared to control and 50 mM salinity (Fig. 9) . On the other hand, the plants grown under both enhanced UV-B radiations had more TPC at control and 50 mM salinity compared to the zero UV-B.
Phenolic compounds may play an important role as antioxidants by scavenging the free radicals produced under oxidative stress (Giorgi et al. 
Antioxidant activity
Both UV-B radiation salinity treatments increased the antioxidant activity (P≤ 0.01) which was expressed based on IC 50 (Fig. 10) . The interaction between UV-B radiation and salinity stress was shown that, in seedlings grown under zero level UV-B radiation, antioxidant activity gradually increased along with the rates of salinity. The lowest and the highest values of antioxidant activity were observed in the leaves of plants growing under non-saline conditions (25.94 μg/ml) and 150 mM salinity (17.35 μg/ml), respectively (Fig. 10) . On the other hand, both enhanced UV-B treatments (4.32 and 6.05 kJ m -2 d -1 ) significantly increased the values of antioxidant activity at control level of salinity compared to the plants growing under zero level UV-B (Fig. 10) .
In this research, the radical-scavenging activity of rosemary extract was significantly increased 
CONCLUSIONS
Our results showed that the rosemary plant is relatively sensitive to salinity due to the increase in lipid peroxidation and cell membrane permeability to Na + . Pre-exposure of the rosemary plants to UV-B radiation increased the biomass production and improved the plant resistance to salinity stress. This could be related to UV-B induced improvement of the K + concentration in leaves, RWC, membrane stability and activation of similar protective mechanisms. Therefore, it can be supposed that pre-treatment with UV-B radiation alleviated the adverse effects of NaCl on rosemary growth and the existence of crosstolerance is presumed. However, further studies are required to testify to this concept.
